Lipopolysaccharide antigens were demonstrated on ultrathin sections of styrene-embedded Salmonella typhimurium by direct postembedding staining with ferritin-labeled antibodies. The antigenicity, partially masked in the embedding process, could be satisfactorily recovered by treatment of ultrathin sections with nonspecific protease. As judged from the reaction site of the ferritin-labeled antibodies, the lipopolysaccharides were localized in two zones. The broader zone of densely distributed ferritin molecules was superimposed over the whole outer cell wall, and a smaller zone revealing antigenicity was found over the cell membrane, which strongly supports the concept that the latter is the site of synthesis of lipopolysaccharides. The well-defined labeled areas between these two antigenic zones may be the routes whereby the synthesized polysaccharide molecules reach the cell wall.
The 0-antigens of gram-negative bacteria are located within the outer layer of the cell wall. From biochemical, immunological, and electron microscopic studies, including work on cell wall fractions and suitable mutants, it could be deduced that the lipopolysaccharide antigens are synthesized at the cytoplasmic membrane (1, 6, 9) . By using intact cells, direct visualization of the antigens by immuno-electron microscopy was till now not possible because antigens are usually not accessible for antibody on ultrathin sections after plastic embedding (11) . We have recently developed a postembedding staining method by using styrene as embedding material and protease treatment for subsequent reexposure of the antigens which enables us to localize antigens on the electron microscopic level. The results obtained with postembedding staining for the 0-4,5 antigens on sections of Salmonella typhimurium confirm and extend the results reported with the techniques mentioned above.
MATERIALS AND METHODS
S. typhimurium isolated from human stool specimens were cultured in glucose broth for 16 h. The bacteria were pelleted by centrifugation at glutaraldehyde and kept for 1.5 h at 0°C (ice bath). The fixed bacteria were washed once, resuspended in cacodylate buffer, and divided for pre-and postembedding staining. For the former, the bacteria were immersed in ferritin-labeled anti-0-4,5 conjugate, washed, and block embedded in Epon after agar enclosure (4). For postembedding immune labeling, the bacteria suspension was brought to 45°C in a water bath, and an equal volume of 2% agar at 45°C was added, thoroughly mixed for 20 s, and transferred to an ice bath for solidification. Small pieces were cut, dehydrated with acetone, and embedded in styrene after the method of Kushida (3). Sections were cut on an LKB Ultrotome and treated with protease type V (Sigma Chemical Co., catalogue no. P 5005) at 0.01 mg/ml in phosphate-buffered saline, pH 7.4, for 1 h in a moist chamber at 37°C. After washing three times with phosphate-buffered saline, the treated sections were incubated with 10% fetal calf serum in 0.1 M phosphate buffer, pH 7.6, for 15 min and then transferred to the same buffer solution which contained 2.0 mg of apoferritin as well as 1.0 mg of normal rabbit immunoglobulin G per ml for 30 min. The sections were stained for 60 min with ferritin-labeled rabbit anti-0-4,5 antiserum (immunoglobulin G fraction) applying the isolated, small-size 1:1 conjugate, which consisted of a single ferritin molecule linked to one antibody globulin molecule. Isolation of the small-size conjugate was performed by Pevikon electrophoresis followed by gel filtration on Sepharose 6B as described elsewhere (S. R. Batsford, H. Takamiya, and A. Vogt, J. Immunol. Methods, in press). Ferritin labeling was performed as described previously (7) . The conjugates were adjusted to a ferritin concentration of 1.0 mg/ml. 
RESULTS
For each technique several sections with 100 to 200 bacteria were examined. Preembedding staining of Salmonella for lipopolysaccharide antigens resulted in the ferritin labeling of the external surface of the bacteria. The ferritin conjugate was located close to the outer cell wall, mostly randomly distributed. In some places, the ferritin molecules were lying in a monolayer like a string of pearls parallel to the visible electron-dense outermost surface; at other places, the ferritin molecules were scattered in small piles two or three layers thick (Fig. 1) . No ferritin molecules were seen within the confines of the cell wall. With the postembedding staining technique, ferritin molecules were found to be distributed over the whole width of the cell wall (Fig. 2) . At some places small external protrusions were seen (Fig. 2 to  5) . A second labeled zone was observed over extensive parts of the cytoplasmic membrane (Fig. 2 to 5 ). The labeling of the latter was less constant and usually weaker than the staining of the cell wall. Both labeled zones, which due to the retraction of the cytoplasmic membrane were lying wide apart, were connected by zones of ferritin labeling. The frequency of these zones and their widths varied (Fig. 2 to 5 ). Such zones were usually found only at places where the cytoplasmic membrane was labeled too.
The cytoplasm of the cells was mostly unstained. Only a few ferritin molecules were found inside the cytoplasmic membrane. As judged from the background of the control sections (Fig.  6 ), these ferritin molecules were probably nonspecifically bound.
A relatively high background was often seen in the areas surrounding the bacterial cells; with increasing distance from the bacteria, the background staining decreased. Since in the control sections treated with ferritin conjugated with normal rabbit immunoglobulin G virtually no background at all was observed, the ferritin conjugate molecules found in the vicinity of the bacteria probably have reacted with antigenic material released from the cell wall during the fixation and embedding processes. The imperfect cytoplasmic fine structure is due to poor fixation which is needed for antigenic preservation. Bacteria with cytoplasmic retraction were The results presented here demonstrate that postembedding staining of Salmonella is possible when styrene is employed. The thus-embedded polysaccharide antigen contrasted with proteins, i.e., was accessible to specific antibodies (manuscript submitted). Subsequent treatment with protease led to further exposure of the antigenicity. The mechanism of action is not clear (10) . With this technique we achieved a specific localization of intracellular lipopolysaccharide antigens at the electron microscopic level. The findings thus obtained confirm and substantially extend the results reported previously with preembedding staining. After postembedding staining of S. typhimurium with ferritin-conjugated anti-0-4,5 antibody two distinct labeled zones were always found. The outer zone of densely distributed ferritin molecules corresponded exactly to the cell wall. In addition, some threadlike protrusions of antigenic material from the outer surface were seen. Since we used exclusively small-size ferritin immunoconjugates for the staining, it is unlikely that the extended protrusions are artefacts. That the protrusions in the postembedding technique are more pronounced may be due to the different handling. It could be that in the preembedding process ferritin conjugate reacted with antigenic filaments extending from the outer surface that are torn off during washing due to the mass of the ferritin. Protrusions have already been described by Shands (8) . This author believed such structures to be fibrils of somatic antigens extending out from the confines of the cell wall. Apart from these protrusions, the polysaccharide antigens seem to be distributed rather homogeneously throughout the width of the cell wall, because in contrast to the results obtained from preembedding staining, antigen was not restricted to the outer layer of the cell wall.
Another new feature revealed by postembedding staining was a second zone of more or less densely labeled ferritin molecules superimposed on the cytoplasmic membrane. This observation is a further strong indication that polysaccharide antigen is synthesized at the cell membrane, a finding which had already been deduced from biochemical and immuno-electron microscopic studies on subcellular fractions (1, 6 [2] [3] [4] [5] . Postembedding staining of S. typhimurium with ferritin-labeled antibody to 0-4,5 antigen. Cells were selected where the cytoplasmic membrane had been retracted fromn the cell wall. Staining of the entire cell wall is seen; protrasions are also present (arrowheads). Itn addition the cytoplasmic mem branes are stained to vlarying extents (Fig. 2, 3 , and 5). At setveral positions, antigenic material appears to be bridging the gap between the cytoplasmic membrane and the cell wall (an example i's arrowed). Figur-e 4 is an enlargement of a portion of Fig. 3 . Note that the bridging antigens occur at the sites uhere the cytoplasmic membrane is also labeled. The backgr-ound staining in the vicinity of the cell surface may be caused by antigenic material released during the fixation and embedding process. Fig. 2, 141,000x; Fig. 3, 150,000x; Fig. 4 , 405,000x; Fig. 5, 156, OOOx. 26.4
